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Description 


[0001] The present Invention relates to a method of 
conducting a continuous multi-phase catalytic reaction 
and is particularly, though not exclusively, applicable to 
the catalytic conversion of syngas, produced by the 
reforming of methane, to hydrocarbon fuels, by a 
Fischer-Tropsh type of synthesis. Other reaction sys- 
tems to which the method Is applicable Include various 
slurry reactions for the production of petrochemicals, 
the production of oxygenates from synthesis gas and 
dehydrogenation reactions. 

[0002] Three-phase catalytic reaction systems are 
used in a number of chemical processes and their appli- 
cation in the petrochemical Industry appears to be 
increasing. Of the three-phase systems in use, mechan- 
ically agitated, loop and bubble column slurry reactors 
contain small catalyst particles dispersed In the liquid. 
In most applications, the liquid will have to be separated 
from the slurry to remove liquid products or for catalyst 
regeneration purposes. In those cases where the liquid 
is an inert medium, occasional*, it may have to be 
replaced due to degradation or the build-up of Impuri- 
ties. 

[0003] Mechanically agitated slurry reactors are 
particularly convenient for batch process due to the low 
mass-transfer and heat resistance. These features also 
make them suitable for the determination of reaction 
kinetics In the laboratory. A serious disadvantage and 
limitation of this reactor type, however, is the difficulty in 
the separation of catalyst particles in any continuous 

operation. . 
[0004] Commercially, it Is only mechanically agi- 
tated reactors that are used in the hydrogenation of 
double bonds In oils from cottonseed, soybean, com, 
sunflower etc. By employing a nickel catalyst, the prod- 
ucts include margarine, shortening, soap and greases. 
The choice of reactor is based on the low drffusivihes 
and high viscosities of the fatty oils. Fixed-bed operation 
has been proposed due to the advantage of completely 
catalyst-free products without filtration. A number of 
other hydrogenation reactions are also carried out in 
agitated reactors, e.g. the hydrogenation of nitrocom- 
pounds. 

[0005] The operation of bubble column slurry reac- 
tors Is simple, since mechanically moving parts are 
avoided Combined with the low diffusions! resistance 
and efficient heat transfer, these reactors are attractive 
for many Industrial processes. However, solid-liquid 
separation is usually performed outside the reactor in 
elaborate filtering and settling systems. The catalyst 
slurry Is to be recycled to the reactor, sometimes with 
the use of a slurry pump. Thus, serious problems may 
be encountered in the continuous operation of bubble 
column slurry reactors. 

[0006] As world oil resources diminish it is becom- 
ing more attractive to use natural gas as an energy 
source and methods of upgrading this to higher hydro- 


carbon fuels are Increasing In Importance. 
[0007] It is therefore an object of the invention to 
provide a continuous method of conducting a multi- 
phase catalytic reaction which does not suffer the draw- 
5 backs of the prior art. 

[0008] It is a particular object of the Invention to pro- 
vide such a process which is well suited to use in the 
conversion of natural gas via syngas to diesel fuel. 
[0009] According to the Invention, there Is provided 
70 a method of conducting a continuous multi-phase cata- 
lytic reaction in which the product includes at least one 
liquid component and the catalyst Is a finery divided 
solid, the method comprising: introducing reactarrts into 
a slurry of reactants, product and catalyst in a reactor 
is vessel; separating the liquid product from the remainder 
of the slurry by means of the filter rnember; and main- 
taining the slurry, in state of constant agitation by intro- 
ducing gaseous components into the slurry as a stream 
of bubbles; characterised by establishing a mean pres- 
to sure differential of from 1 to 1 000 mBar across the filter 
member and causing fluctuations or oscillations about 
the mean pressure differential; and in which a gas 
space above the slurry Is in communication with the fil- 
trate or any gas space above the filtrate, in addition to 
25 any communication by way of the slurry itself. 

[001 0] Such a method Is relatively simple yet effec- 
tive. The separation step, generally considered to be 
particularly problematic, is achieved without undue 
complication and under proper operating conditions the 
30 filter member is self-cleaning. 

[001 1] The reactants may be CO and Hg, tor exam- 
ple from the reforming of methane. The reaction may 
then be a catalytic conversion by a Rscher-Tropsch syn- 
thesis, producing methanol and higher hydrocarbons. 
35 [0012] Preferably, the gaseous components Include 
any gaseous reactants. Preferably, the slurry is main- 
tained in a turbulent state by the gas bubbles. 
[001 3] Preferably, a pressure differential is achieved 
by applying an excess pressure to the slurry side of the 
40 filter member and/or by applying a negative pressure to 
the product (filtrate) side of the filter member. Preferably, 
the pressure differential is achieved, at least in part by 
maintaining the slurry at a level above the level of the 
product on the filtrate side of the filter member, by 
45 means of a constant level device on the filtrate side of 
the filter member. The pressure differential should not 
be allowed to increase beyond a fairly low maximum 
limit since the fitter unit would otherwise tend to clog. 
Communication between the space above the slurry 
so and the space above the filtrate prevents the build-up of 
pressure differentials in excess of that corresponding to 
the hydrostatic pressure. 

[0014] The pressure fluctuations or oscillations may 
be achieved in various ways. The pressure fluctuations 
55 or oscillations may be carried out by the turbulent 
motion of the slurry in the reactor anoVor by gas bubbles 
rising on the outside of the member, which may them- 
selves give rise to turbulent flow conditions. This may be 
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transferred or enhanced perhaps by resonance effects 
to the filtrate by way of communication between the gas 
volume above and the slurry and the gas volume above 
the filtrate. 

[001 5] The pressure fluctuation value may be of the 
order of the pressure differential, for example from 1 0 to 
200% of the pressure differential. The actual value of 
the pressure differential is from 1 to lOOOmBar, prefera- 
bly 2 to 50mBar. Very good operational results may be 
obtained In the range of 2 to 10mBar in the case of a 
Flscher-Tropsch conversion of syngas to hydrocarbon 
products. 

[0016] The filter member is preferably in the form of 
a filter unit which defines internally the filtrate zone and 
which Includes a filter element separating the filtrate 
from the slurry. Preferably the filter element is generally 
cylindrical and Its axis is generally vertical in use though 
K may be Inclined by as much as 10° or even 30° to the 
vertical. The member material and catalyst are prefera- 
bly selected so that the maximum hole or pore size in 
the filter element is of the same order of magnitude as 
the catalyst particle size, the particle size preferably 
being not less than half the pore size. However, It would 
be posstole forthe catalyst particle size to be largertnan 
the maximum pore s'n, with the pore size being of the 
same magnitude or less. 

[0017] The invention also extends to a method of 
converting natural gas (methane) to higher hydrocarbon 
fuels which Involves Initially reforming the methane to 
produce carbon monoxide and hydrogen, subjecting the 
CO and H 2 to catalytic conversion by a Fischer-Tropsch 
synthesis using the method mentioned above to form 
higher hydrocarbon fuels such as liquid paraffin waxes, 
and subsequently separating and/or cracking these 
products to produce the required range of hydrocar- 

JofflW The mechanism of the Fischer-Tropsch syn- 
thesis is probably quite complicated but the formation of 
hydrocarbons can be summarised as follows:- 

nCO + (2n+1) H 2 - CnhW + nHjjO 


accompanying drawings, In which: 


[0019] A preferred catalyst and process Is 
described in EP-A-313375. 

[0020] When diesel fuel is produced in this way it is 
vastly superior to conventional diesel In terms of Its 
quality and properties. Firstly. It contains no sulphur or 
aromatics, which is important from an environmental 
point of view. Secondly. It has a very high cetane 
number and can therefore be blended with lower grades 
of diesel fractions in orderto give a product which meets 
premium range standards. Thirdly, It contains virtually 
no harmful compounds that generate soot when burned 
and needs fewer additives for problem free use at tow 
temperatures. . 
10021] The invention may be carried into practice in 
various ways and some embodiments will now be 
described by way of example with reference to the 


Figure 1 Is a schematic section through a three- 
phase slurry reactor for performing a method In 

s accordance with Ihe invention; 

Figure 2 is a simplified schematic section through a 
part of a reactor showing an alternative system for 
achieving the fluctuations in pressure; 
Figures 3, 4 and 5 are views similar to Figure 2 

io showing three ways of adjusting the pressure differ- 
ential across the filter member. 
Figures 6 and 7 are views similar to Figures 3 to 5, 
showing two further variants. 

is [00221 The reactor vessel 1 1 1n Figure 1 comprises 
an outer casing 12 defining the reactor vessel 11 and 
within the casing 12 a filter unit 13. The housing 12 has 
a gas inlet 14 at the bottom which, In the case of a syn- 
gas conversion process, would constitute the reactant 
20 inlet. Above the gas inlet 14, there is a gas delivery 
device such as a gas-permeable frit plate 15 which sup- 
ports the slurry 1 6 in the reactor vessel 1 1 , and at the 
top of the casing 12. a gas outlet 17. The gas outlet 17 
is controlled by a choke or valve 1 8. The casing also has 
25 an inlet 1 9 and an outlet 21 for the slurry. 

[0023] The filter unit 13 comprises a generally verti- 
cal cylindrical filter element 22 in contact with the slurry 
16 The filter element is in the form of a fine meshed 
screen though It could alternatively comprise helically 
30 wound metal threads, sintered metal parttetes or nar- 
rowly separated fine vertical threads. It houses a con- 
stant level device In the form of a vertical pipe 23 which 
terminates below the top of the filter unit 1 3. The pipe 23 
leads to a filtrate outlet 24 which In turn leads to a col- 
as lector 25 and to an outlet valve 26. A tube 27 extends 
from the space 28 within the filter unit 13 above the top 
of the pipe 23 to the space 29 within the top of the reac- 
tor 1 1 above the filtrate 1 6. An opening 31 in the tube 27 
connects the two spaces 28,29. 
40 [0024] In operation, gaseous reactants are Intro- 
duced to the reactor vessel 1 1 via the inlet 1 4 and the 
plate 15 The reactants form bubbles in the slurry 16 
which pass upwards past the filter unit 1 3. The slurry 1 6 
consists of a liquid phase of the reaction products and a 
45 catalyst in finery divided form. The gaseous reactants 
react as they contact the catalyst, thus adding to the 
products In the slurry. 

[0025] At the same time, the products pass through 
the filter element 22 to form a product filtrate 32 which Is 
so free of catalyst Any gaseous products and unreacted 
reactants can be vented through the outlet 17 and sub- 
sequently treated and/or recycled. The product filtrate 
32 leaves the filter unit 13 via the constant level device 
23 and outlet 24 and is collected in the collector 25 for 
55 regulated continuous or periodic removal. 

[0026] The difference in level between the slurry 1 6 
and the product filtrate 32, determined by the constant 
level device, results in a pressure differential across the 
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Alter element 22. This helps to convey the liquid product 
through the filter element 22. 
[0027] It might be expected that, under these condi- 
tions, the catalyst would clog the filter element how- 
ever this is found not to be the case, provided that the s 
pressure differential Is not too great. The Introduction of 
the reactants together with the connection of the gas 
spaces 28, 29, and the generally turbulent conditions in 
the reactor vessel 1 1 combine to cause fluctuations In 
the pressure differential across the filter element 22. io 
These in turn cause fluctuations in the liquid flow 
through the filter element 22 resulting In an antKdog- 
ging effect. This may be enhanced by the movement of 
the gas bubbles past the surface of the filter element 22. 
[0028] An alternative embodiment outside the is 
scope of the Invention is shown in Figure 2. In ttm case 
the filter unit 41 has no tube 27 connecting the space 2B 
to the space 29 In the reactor (not shown). Instead, a 
cylinder and piston assembly 42 is connected to the 
space 28 By reciprocating the piston, a pulsating pre*- » 
sure is produced resulting in the desired fluctuation in 
the pressure differential across the filter element 22. 
This arrangement can of course be used In conjunction 
with the embodiment shown in Figure 1. Cornmunca- 
tlon between the spaces above the slurry and the ftrtrate 25 
may be provided by a tube (not shown) having a restric- 
tion or choke limiting the transmission of pressure 
pulses to the space above the slurry, which would other- 
wise have tended to eliminate the net effect of the redp- 
rocating piston. The tube would nevertheless corrtroUhe » 
static pressure differential, and this variant would then 
be within the scope of the invention. 
[0029] The constant level device 23 can be made 
adjustable In order to provide a degree of control over 
the pressure differential across the Alter element 22. * 
Three ways in which this can be achieved are shown in 
Figures 3, 4 and 5. 

[00301 In the filter unit 51 of Figure 3, both the verti- 
cal pipe 52 and the tube 53 are sOdably mounted with 
respecttothefltterunltSL In the fitter unit 61 of Figure <o 
A the vertical pipe 62 is slidably mounted but the tube 
63 is fixed relative to the filter unit 61 . In the filter tint of 
Figure 5, the tube 73 Is fixed, and the vertical pipe 72 Is 
sKdably mounted within a fixed sleeve 74. Thus, the 
level of the filtrate 32 remains fixed relative to the filter 45 
unit 71 as It Is raised or lowered. 
[0031] The variants shown in Figures 3 to 5 can be 
combined with either of the embodiments shown in Fig- 
ures land 2. . _ VI 
[0032] in the reactor 81 shown in Figure 6, the out- so 

at 84 from the filter unit 83 has an upward loop 85 to 
ensure that the filter unit 83 Is filled with llqulo. In the 
reactor 91 shown in Figure 7, there is a tube 97 con- 
nectina the gas space in the reactor to the filtrate. The 
^14 ^0 the bottom of the 55 
there is an optional connection 96 between the outlet 94 
and the space In the reactor. This connection 96 would 
tend to prevent any siphon effect and allow any gas 


remaining In the filtrate to escape. Again, the filter unit 
93 will be filled with filtrate. 

[0033] In all the Illustrate embodiments, the 
geometries of the reactor, the communication means 
(eg the tube 27) and the filtrate section may be varied 
In sire and In orderto optimise the pressure fluctuations 
by exploiting resonance-like effects. 
[0034] The invention will now be further illustrated 
in the following Examples which were conducted on a 
laboratory scale. 


AMPLE I 

[0035] A stainless steel tube, with a diameter of 
A 8cm and a height of approximately 2 meters was filled 
with a hydrocarbon liquid and a fine powdered catalyst. 
The tube was operated as a slurry bubble column by 
bubbling gas through the slurry. 
[0036] A filter unit was placed in the upper part of 
the reactor. The filter unit was made of Sika stainless 
steel sintered metal cylinder Type R20 produced by the 
company Pressmetall Krebsoge GmbH. The filter unit 
had an outer diameter of 2.5cm. a height of 25cm, and 
an average pore size of 20 um. 
[0037] m this particular experiment, the reactor was 

filled with a slurry constating of a poly «-olefin liquid and 
approximately 1 0 weight % of a fine powdered cobalt on 
alumina cataryst The particle size ranged from 30 to 
150 urn. The catalyst was kept suspended by gas bub- 
bling through the liquid. The gas was a mixture of 
CO and N* of varying composition, and was fed with a 
superficial gas velocity of 4cm/s. The temperature In the 
reactor was 230°C, and the pressure was 30 bar 

(3x1 O^a). , . 

[0036] The filtrate level Inside the slurry was set 
approximately half way up in the valve. 
[0039] The liquid formed by the Fiecher-Tropsch 
reaction in the reactor was withdrawn through the filter 
unit In addition, a poly a-olefin liquid fed to the reactor 
was also withdrawn through the filter unit The liquid 
withdrawal varied from 320 to 2.5 g/h depending on the 
formation rate of the liquid product, and the feeding rate 
of the hydrocarbon liquid. The experiment lasted 
approximately 400 hours, and a total amount of liquid of 
30litres was withdrawn through the filter unit. The liquid 
level m the reactor was constant during the experiment, 
and no colour indicating presence of solid particles 
could be observed in the liquid. 

EXAMPLE]] 

[0040] a glass tube, with a diameter of 22cm and a 
height of 2.5 meters was filled with hydrocarbon liquid 
(Monsanto heat transfer fluid, MCS 2313) and a fine 
alumina powder (average particle diameter approxi- 
mately 75um). The content of alumina was approxi- 
mately 15% by weight. The tube was operated as a 
slurry bubble column (SBC) by bubbling gas through the 
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slurry. 

[0041] A filter member without a connection tube 
between the gas volume above the slurry phase and the 
gas volume above the product phase was placed in the 
upper part of the SBC. The filter member was made of 
a Slka fll 10 stainless steel sintered metal cylinder pro- 
duced by Sintermetallwerk Krebs6ge GmbH. The sinter 
cylinder had an outer diameter of 2.5cm, a height of 
20cm, and an average pore size of 1 Oum 
[0042] In this particular experiment the slurry level 
was set to be at the top of the sinter cylinder. The pres- 
sure amplitude In the SBC was measured to be 6mBar, 
the pressure drop across the sinter metal wall was 
approximately a4 mBar (300-400Pa). The temperature 
In the slurry was 20°C, the pressure was 1 Bar (10 Pa) 
and the gas velocity was approximately 6cm/s. 
[0043] At the start of the experiment, the flow of the 
filtrate through the sinter metal cylinder was about 
1000ml per minute. After 4 hours the flow was reduced 
to zero due to dogging of the sinter metal wall on the 

slurry side. . 
[0044] When a similar experiment was carried out 
In an apparatus in which communication between the 
gas volumes was provided by a piece of pipe acting as 
a connection tube, the initial flow rate was maintained 
essentially at the same level throughout the experiment. 

Claims 


75 
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A method of conducting a continuous multi-phase 
catalytic reaction in which the product includes at 
least one liquid component and the catalyst Is a 
finely divided solid, the method comprising: intro- 
ducing reactants into a slurry (16) of reactants, 
product and catalyst In a reactor vessel (1 1); sepa- 
rating the liquid product (32) from the remainder of 
the slurry (16) by means of the filter member (13); 
and maintaining the slurry (16) in state of constant 
agitation by introducing gaseous components into 
the slurry (16) as a stream of bubbles; character- 
ised by establishing a mean pressure differential of 
from 1 to 1000 mBar across the fitter member (13) 
and causing fluctuations or oscillations about the 
mean pressure differential; and in which a gas 
space (29) above the slurry (16) is in communica- 
tion with the filtrate (32) or any gas space (28) 
above the filtrate (32 , in addition to any communi- 
cation by way of the slurry itself. 

A method as claimed in Claim 1 , characterised in 
that the gaseous components include any gaseous 
reactants. 

A method as claimed in Clam 1 or Claim 2 t charac- 
terised in that the slurry (1 6) to maintained in a tur- 
bulent state by the gas bubbles. 

L A method as claimed in any preceding Claim, char- 


acterised In that the slurry (16) Is maintained at a 
level above the level of the product (32) on the fil- 
trate side of the filter member (13), by means of a 
constant level device on the filtrate side of the filter 
member (13). 

A method as claimed in any preceding Claim, char- 
acterised in that the fluctuations or oscillations are 
caused by the turbulent motion of the slurry (16). 

A method as claimed in any preceding Claim, char- 
acterised in that the fluctuations or oscillations are 
achieved by applying a pulsating pressure to the 
gas volume (28) above the filtrate (32). 

A method as claimed in any preceding Claim, char- 
acterised in that the mean differential pressure is 
less than 500 Pa. 

A method as claimed in any preceding Claim, char- 
acterised in that fluctuations or oscillations are in 
the range of from 10% to 200% of the mean pres- 
sure differential. 

A method as claimed in any preceding Claim, char- 
acterised In that the reactants are CO and H 2 , the 
catalyst is a Rscher-Tropsch catalyst and the prod- 
ucts are methanol and higher hydrocarbons. 

so PatontansprOche 

1. Verfahren zur DurchfQhrung elner kontlnuleriichen 
katalytischen Mehrphasenreatction, bei welcher das 
Produkt zumindest eine flOssige Komponente 
as belnhaltet und der Katalysator eln fein vertellter 
Feststoff ist, wobei das Verfahren umfaBt 

EinfQhren der Reaktanden in eine Aufschlam- 
mung (16) von Reaktanden, Produkt und Kata- 
40 lysator in elnen Reaktorbehalter (1 1 ); Trennung 

des flOssigen Produkts (32) vom Rest der Auf- 
schlammung (16) mittels eines Rterelements 
(13); und Halten der Aufschlammung (16) In 
einem Zustand konstanter Bewegung durch 
45 EinfOhrung gasf6rmiger Komponenten in die 

Aufschlammung (16) In Form elnes Stroms von 
Blasen; charakterisiert durch Erzeugung eines 
Hauptdruckdifferentials von 1 bis 1000 mbar 
Ober das Filterelement (1 3) und Erzeugung von 
so Fluktuationen oder Oszillationen urn das 

Hauptdruckdifferential; 

und bei welchem ein Gasraum (29) Ober der 
Aufschlammung (16) mit dem Filtrat (32) Oder 
» irgendeinem Gasraum (28) obemafo des Fil- 

trate (32) in Verbindung stent und zwar zusatz- 
llch zu Irgendelner Verbindung Ober die 
Aufschlammung seibet 
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2 Verfahren nach Anspruch 1, dadurch Qekenn- 
zeichnet, das* die gasformigen Komponenten 
irgendwelche gasformigen Reaktanden beinhalten. 

3. Verfahren nach Anspruch 1 oder 2, driwh 
aakennzelchnet. dui die Aufschlammung (16) In 
einem turbulenten Zustand durch die Gasbtasen 
gehalten wird. 

4 Verfahren nach einem der vorhergehenden AnsprQ- 
che, dadurch gekenrttalchnet, dMS di « *f 

schlfimmung (16) auf einem Niveau oberhalb dee 
Niveaus dee Produkte (32) auf der Filtrateerte dee 
Fllterelements (13) mittels einer Einrichtung zur 
Aufrechtemaltung elnes konstanten Niveaus auf 
der Flltratseite des Filterelements (13) gehalten 
wird. 

5 Verfahren nach einem der vorhergehenden AnsprO- 
che dadurch gekennzelchnet, das* die Fluktua- 
tionen oder Oszillationen durch die turbulente 
Bewegung der Aufschlammung (16) verursacht 
werden. 

6 Verfahren nach einem der vorhergehenden AnsprQ- 
che dadurch gekennzelchnet, dan die Fluktua- 
tion'en oder Oszillationen durch Aufbringung eines 
pulsierenden Drucks auf das Gasvolumen (28) 
oberhab des Rltrats (32) errelcht werden. 

7 Verfahren nach einem der vorhergehenden AnsprO- 
che dadurch gekennzelchnet, dasa der Hauptdf 
ferenzdruck weniger als 500 Pa 1st 

8 Verfahren nach einem der vorhergehenden AnsprO- 
che dadurch gekennzelchnet, dass Fluktuatio- 
nen oder Oszillationen im Bereich von 1 0 % bis 200 
% das Hauptdruckdifferentials sind. 

9 Verfahren nach einem der vorhergehenden AnsprO- 
che, dadurch gakannzalchnet, dm die Reaktan- 
den CO und Hj, der Katalysator ein Fischer- 
Tropsch-Katalysator und die Produkte Methanol 
und hohere Kohlenwasserstoffe sind. 

Revendlcatlona 

1 Precede pour conduire une reaction catalytique 
multi-phase en contJnu, dans lequel le prodult Inclut 
au moins un composant liquide et le catalyseur est 
un solide finement drvise, le precede consistent .* 
mtrodulre des reactlfs dans une suspension (16) de 
reactifs le produit et le catalyseur dans un recpient 
reactlonnel (1 1); a a*P«™ le produit liquide (32) du 
reste de la suspension (16) a I'aide tfun element de 
filtre (13); et a malntenir la suspension (16) a l*tat 
cfagltatlon constante en Introdulsant des compo- 
sants gazeux dans la suspension (16) sous forme 


a? 4. 
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tfun courent de bulles; caracterlse par I'etabllsse- 
ment d'une pression differentielle moyenne de 1 a 1 
000 mbar a travers I'element de filtre (13) et a pro- 
voker des fluctuations ou des oscillations eutour 
de la pression differentielle moyenne; et dans 
lequel un espace gazeux (29) au-dessus de la sus- 
pension (16) est en communication avec le flltrat 
(32) ou tout espace gazeux (28) au-dessus du filtrat 
(32), en plus de toute communication par I'interme- 
dlalre de la suspension elle-meme. 

Precede selon la revendlcatlon 1 . caracterlse en ce 
que les composants gazeux incluent tout reactif 
gazeux. 

Precede selon la revendication 1 ou 2. caracterise 
en ce que la suspension (16) est maintenue a Tetat 
turbulent par les bulles de gaz. 

Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce que la suspension 
(16) est maintenue a un niveau au-dessus du 
niveau du produit (32) sur le cote du flltrat de I'ele- 
ment de filtre (13), a I'aide dun disposltlf a niveau 
constant sur le cote du filtrat de I'element de filtre 
(13). 

Precede selon I'une quelconque des revendications 

precedentes. caracterlse en ce que les fluctuations 
ou oscillations sont provoquees par le deptacement 
turbulent de la suspension (16). 

Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce que les fluctuations 
ou oscillations sont reallsees en appBquant une 
pression pulsatoire au volume gazeux (28) au-des- 
sus du filtrat (32). 

Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce que la pression dif- 
ferentielle moyenne est inferieure a 500 Pa. 

Precede selon I'une quelconque des revendications 
precedentes, caracterise en ce que les fluctuations 
ou les oscillations sont comprises entre 10% et 
200% de la pression differentielle moyenne. 

Precede selon I'une quelconque des revendications 
precedentes. caracterlse en ce que les reactlfs sont 
CO et Ha, le catalyseur est un catalyseur Flscher- 
Tropsch et les produ'rts sont le methanol et les 
hydrocarbures superieurs. 
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